Abstract Infection with Angiostrongylus cantonensis can cause eosinophilic meningoencephalitis, but it lacks an effective early diagnostic tool for the disease. Recently, growing number of serum microRNAs (miRNAs) were investigated to serve as potentially noninvasive biomarkers for various diseases. However, it is unclear if the molecule can considered a biomarker for diagnosing the infection of A. cantonensis. Here, we attempted to identify potential A. cantonensis-derived miRNAs for the early diagnosis of angiostrongyliasis. Through Solexa deep sequencing and GO "biological process" classifications, we found that there were 18 miRNAs of significantly differential expression in the fourth-stage larvae (L4) larva of A. cantonensis when compared with the thirdstage larvae (L3) larva of A. cantonensis. Among the 18 miRNAs, the sequences of 6 miRNAs, including aca-miR29a, aca-miR-124, aca-miR-125a, aca-miR-146a, aca-miR-101, and aca-miR-185, were different from human-and mouse-derived miRNAs (both are the nonpermissive hosts of A. cantonensis). The expression patterns of the six A. cantonensis-derived miRNAs in serum were investigated by polymerase chain reaction on the A. cantonensis-infected mice and their controls. We found that aca-miR-146a had a significantly higher expression level in every experimental positive group, which suggested that this miRNA might be useful for early diagnosis. Receiver operating characteristic (ROC) curve analysis showed that aca-miR-146a was an effective biomarker for discriminating A. cantonensis-infected mice from healthy control cases, with an area under the ROC curve (AUC) of 0.90. Its diagnostic accuracy was assessed on patients (n=30) and healthy controls (n=30), and the sensitivity and specificity reached 83 and 86.7 %, respectively. Our study revealed that aca-mir-146a in serum is an effective biomarker to track infection of A. cantonensis.
Introduction
Angiostrongyliasis is an emerging parasitic disease related to major public health problem in China. It is necessary to develop an effective diagnostic tool to control the disease.
Angiostrongylus cantonensis have a complex life cycle, alternating between the definitive mammalian host and an intermediate freshwater molluscan host. Humans, the nonpermissive hosts, become infected after eating raw or undercooked intermediate hosts (snails) (Yang et al. 2012) or vegetables that contain the infective third-stage larvae (L3) (Chen et al. 2011; Li et al. 2014) . Once ingested, the infective larvae migrate via the venous system into the lungs, and then develop into the fourth-stage larvae (L4) in the brain (Yu et al. 2014) , causing diseases such as eosinophilic meningoencephalitis (Alicata 1965; Ali et al. 2008; Jitpimolmard et al. 2007) , and it will be more effective to diagnose and treat it in time. Up to now, the diagnosis of angiostrongyliasis is from the presentation of clinical symptoms of patients. It is difficult or often confused with other neurological disorders with similar symptoms such as purulent meningitis or viral encephalitis.
Definitive diagnosis requires the worm(s) to be found in the cerebrospinal fluid (CSF) or eyes of the patients or in the brains of autopsied cases, and the positive rate is only about 10 % (Maleewong et al. 2001) . Immunodiagnostic tests for the detection of antibodies against A. cantonensis are widely used in clinic, but they are cannot be used for early diagnosis.
MicroRNAs (miRNAs) are a class of small noncoding RNAs that play important roles in posttranscriptional regulation of gene expression (Bartel 2004; Guarnieri and Dileone 2008; Hagen and Lai 2008 ). An increasing number of miRNAs have been found serve as biomarkers for disease diagnosis. It is generally believed that miRNAs get into serum in three ways: active secretion (Conrad and Dittel 2004) , vesicle secretion (Mitchell et al. 2008) , "hormones"-like secretion (Carlsbecker et al. 2010) . Although there were investigations concerning mRNA molecules as potential biomarkers, blood-based miRNA studies for parasite detections are in their infancy. Most importantly, here, we took use of serum miRNA derived from A. cantonensis to provide valuable methods for the early diagnosis of angiostrongyliasis in host.
In this study, we explored differential expression of miRNAs in the L3 and L4 of A. cantonensis through Solexa deep sequencing and checked out upregulated (fold changes, ≥5.0) miRNAs in the L4 A. cantonensis compared with the L3 A. cantonensis. We obtained differential expression profile of miRNA in the L4 and L3 larvae of AC, and there were 629 known miRNAs (528 in l4 larvae and 376 in l4 larvae) were identified. Then we used GO "biological process" classifications to revealed the upregulated miRNAs whether associated with immune system, which implies that these miRNAs m i g h t p a r t i c i p a t e i n t h e p a t h o g e n e s i s o f angiostrongyliasis by regulating genes involved in immune response pathways. The result showed that 18 miRNAs participated in immune system with differential expression (upregulated miRNA related to immune system in the L4 compared with the L3):aca-mir-146a, acamir-221, aca-mir-124, aca-mir-127, aca-mir-328, etc. Among the 18 miRNAs, the sequences of aca-miR146a, aca-miR-29a, aca-miR-124, aca-miR-125a, acamiR-101, and aca-miR-185 are different from humanand mouse-derived miRNAs (both are the nonpermissive hosts of A. cantonensis) ( Table 1 ). The six miRNAs were assumed to be the biomarkers for angiostrongyliasis. Next, we investigated the relative expression levels of these six miRNAs in sera of A. cantonensis-infected mice by real-time polymerase chain reaction. Then, receiver operating characteristic (ROC) curve analysis was used to assess the diagnosis value of candidate miRNA.
Thus, on the basis of experiments of animal model, we validated the diagnostic accuracy of candidate miRNA biomarker on patients and those control cases which would provide some clue that whether some A. cantonensis-derived miRNAs could serve as potential biological markers for detection of A. cantonensis infection.
Materials and methods

Parasites
L3 of A. cantonensis were shed from the lab-infected intermediate host. L4 of A. cantonensis were isolated from the brain of infected BALB/c mice at 2 weeks postinfection. After collection, all freshly isolated samples, including the l4 and l3 larvae of AC, were washed three times with 16 PBS (pH 7.4) and were immediately used for extraction of total RNA. Using solexa deep sequencing, the different expression patterns of miRNAs between the L3 and L4 of A. cantonensis were shown.
Experimental animals
One hundred male Balb/c mice aged 6 weeks were purchased from the Center of Experimental Animals of Sun Yat-Sen University. All experiments were performed on animals according to the regulations approved by the Animal Care and Use Committee of Guangdong Province, China. The 100 mice were randomly divided into six groups as follow: 0 day without infection (5); 3 days infection (14) and control (5); 5 days infection (14) and control (5); 7 days infection (14) and control (5); 11 days infection (14) and control (5); and 14 days infection (14) and control (5) (all these controls with no infection). By real-time polymerase chain reaction, we investigated the relative expression levels of these six miRNAs (aca-miR-146a, aca-miR29a, aca-miR-124, aca-miR-125a, aca-miR-101, and aca-miR-185) in sera of A. cantonensis-infected mice.
To assess the diagnostic accuracy, we performed ROC curve analysis of candidate miRNA on infected mice and control mice.
Patient sera
Thirty cases of parasitologically confirmed patients with esosinophilic meningitis or meningoencephalitis were obtained from Srinagkarind Hospital, Faculty of Medicine, Khon Kaen University and donated by Professor Pewpan Maleewong and Professor Wanchai Maleewong. The controls were 30 healthy people. We verified the diagnostic accuracy o f c a n d i d a t e m i R N A o n p a t i e n t s w i t h p r o v e n angiostrongyliasis (n=30) and healthy controls (n=30).
Blood processing
Blood from mice and patients was drawn. After clotting at room temperature for 4 h, specimens were Fig. 1 Relative expression of aca-miR-146a in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-146a was higher in the sera of A. cantonensis-infected mice than control cases with statistical significance (P<0.05) in every experimental group Fig. 2 Relative expression of aca-miR-29a in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-29a was not significantly different in the sera of A. cantonensis-infected mice compared with control cases in every experimental group centrifuged at 1,300×g for 15 min. The supernatant was then centrifuged at 10,000×g for 10 min at 4°C to completely remove cellular contaminants. Sera were aliquoted into microcentrifuge tubes and stored at −80°C until use.
RNA extraction
Of blood samples, 0.5-1 ml were centrifuged at 12,000 rpm for 10 min at 4°C, and plasma was carefully transferred into new tubes followed by further centrifugation at 12,000 rpm for 10 min at 4°C. Total RNA containing small RNA was extracted from 80 to 300 μl of plasma using the TRIzol reagent (Invitrogen) following the manufacturer's instructions. The final elution volume was 30 ml. The concentration of all RNA samples were quantified by NanoDrop 1000 (Nanodrop).
Reverse transcription and quantitative real time
Reverse transcription (RT) reactions were performed using the TaqMan microRNA Reverse Transcription Kit (Applied Biosystems, USA) according to protocol. For real-time PCR, 3-ml diluted RT products were mixed with 10 ml of Taqman PCR master mixture (no. UNG), 1 ml TaqMan microRNA assay, and 6 ml nuclease-free water in a final volume of 20 ml. All reactions were preformed in triplicate on a 7500 Real-time system (Applied Biosystems) with the following conditions: 95°C for 10 min followed by 40 cycles at 95°C for 15 s and 60°C for 1 min.
Relative expression levels of aca-miR-146a, aca-miR29a, aca-miR-124, aca-miR-125a, aca-miR-101, and acamiR-185 were calculated using the 2 −ΔΔCt method. CelmiR-39 was used as an internal control, and ΔCT was calculated by subtracting the CT values of Cel-miR-39 from the CT values of the target miRNAs. ΔΔCT was then determined by subtracting average ΔCT of the Fig. 3 Relative expression of aca-miR-124 in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-124 was not higher in the sera of A. cantonensis-infected mice than control cases with statistical significance (P<0.05) in every experimental group Fig. 4 Relative expression of aca-miR-125a in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-125a was higher in the sera of A. cantonensis-infected mice than control cases with statistical significance (P < 0.05) in 3, 5, 7, and 11 days group postinfection Fig. 5 Relative expression of aca-miR-101 in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-101 was higher in the sera of A. cantonensis-infected mice than control cases with statistical significance (P<0.05) in 5 and 7 days group postinfection Fig. 6 Relative expression of aca-miR-185 in sera of A. cantonensisinfected mice and controls. The expression level of aca-miR-185 was not significantly different in the sera of A. cantonensis-infected mice compared with control cases in every experimental group control from ΔDCT of cases. The fold changes of candidate miRNA expression were calculated by the equation 2 −ΔΔCt . The sequences of the primers used are shown in Table 2 .
Statistical analysis
All statistical analyses were performed using SPSS 19.0 software (SPSS) and GraphPad Prism 5.0 (GraphPad).
Comparisons of serum miRNA levels were performed by applying Mann-Whitney U tests, P value less than 0.05 was considered to be statistically significant. To assess the diagnostic value, we performed ROC curve analysis. The AUC was estimated.
Results
Detection of selected candidate miRNAs in sera from infected mice with A. cantonensis
Using the real-time PCR, we proved that these six miRNAs were detected which is in accordance with the results by Solexa sequencing (Table 3) . Next, we detected the levels of six selected candidate miRNA molecules in serum of infected mice at different time point (Figs. 1, 2, 3, 4, 5, and 6) . As expected, aca-miR146a can be detected at 3 days postinfection and more highly in the sera of A. cantonensis mice (P<0.05) in every experimental group which suggests that this miRNA may be useful for early diagnosis.
Marker validation on infected BALB/c mice by receiver operating characteristic curve analysis
The expression pattern of aca-miR-146a in serum of A. cantonensis-infected mice and their controls suggests that this miRNA may be useful for early diagnosis. Next, we performed ROC curve analysis (Fig. 7) on infected mice and those control subjects. ROC analysis revealed that aca-miR-146a had considerable diagnostic accuracy, yielding an ROC-AUC of 0.90. At the cut-off value of 2.32, the optimal sensitivity and specificity were 85.7 and 88.9 %, respectively.
Marker validation on patients with angiostrongyliasis
We examined the diagnostic accuracy of aca-miR-146a on patients (Table 4) with proven angiostrongyliasis (n= 30) and healthy individuals (n=30), and the sensitivity and specificity reached 83 and 86.7 %, and this study proved that serum aca-mir-146a is an effective biomarker for A. cantonensis infection.
Discussion
Early diagnosis of A. cantonensis infection is very important for clinical therapy, but it lacks effective biomarker up to now. Immunodiagnostic tests for the detection of antibodies against A. cantonensis are widely used .Since the incubation period between infection and lgG antibodies reach their peak generally about 2 weeks, detection based on specific lgG antibodies could not be Fig. 7 Receiver operating characteristics (ROC) curve analysis for the diagnostic value of aca-miR-146a. The areas under the ROC curve (AUC) were 0.90. At the cut-off value of 2.32, the optimal sensitivity and specificity were 85.7 and 88.9 %, respectively used for early diagnosis. It is therefore necessary to develop and research specific and practice different new means for early diagnosis of angiostrongyliasis. Our results suggest that the levels of aca-miR-146a in serum increased obviously at 3 days postinfection and detection of aca-miR-146a exhibits significant value for clinical diagnosis of angiostrongyliasis in early phase. Based on the aca-miR-146a diagnostic technique of our study, the detection of angiostrongyliasis will be more effective for clinical diagnosis. In this study, ROC curve analysis (Fig. 7) showed that acamiR-146a was useful biomarker for discriminating cases from healthy controls, with an AUC of 0.90. The optimal sensitivity and specificity were 85.7 and 88.9 % for human angiostrongyliasis, respectively. Our study demonstrated that serum level of miRNA can distinguish, with significant specificity and sensitivity, patients with angiostrongyliasis from healthy controls. However, in this study, some patients were not diagnosed using aca-miR-146a as biomarker and the reason should be that aca-miR-146a was proved to be a significant biomarker only for early diagnosis. In the further study, miRNA biomarker combined with immunodiagnostic tests for the detection will be investigated to improve the sensitivity of diagnosis.
Conclusions
These results indicate that aca-miR-146a was an angiostrongyliasis-associated miRNA, and thus serum acamiR-146a can serve as a new potential biomarker for the detection of A. cantonensis infection. 
